INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is a genetic disorder involving the cardiac sarcomere characterized by the left ventricular (LV) hypertrophy without obvious etiology. [1] It is the most common inheritable cardiac disorder with autosomal dominant inheritance (50-60%). [2] Morphologically, it is classified as asymmetrical, symmetrical, apical, mass-like (tumefactive), and end-stage form (burned-out phase). [2] e most common variety is asymmetrical type, which frequently involves the anteroseptal myocardium. Echocardiography and magnetic resonance imaging (MRI) provide clinically useful parameters for the evaluation of HCM. Some observations are common in both modalities, others specific to the modality. Commonly assessed parameters are ejection fraction (EF), interventricular septal (IVS) thickness, wall motion, and assessment of chamber lumen. Echocardiography provides quick, reliable assessment of gradients at different parts of the left ventricle. MRI, although capable of assessing gradients, has technical limitations to obtain consistently accurate gradient measurements. Echocardiography is a clinically established technique for the assessment of HCM. However, the technique is limited by operator dependency, poor acoustic window, incomplete visualization of the left ventricular wall, and inaccurate evaluation of the LV mass. MRI is useful in quantitative evaluation of wall thickness and documenting the extent and distribution of disease better than echo, especially in the anterolateral wall of the LV myocardium. MRI also has the ability to accurately evaluate the LV mass, chamber volume, global/regional wall motion abnormalities, and detection of aneurysms.
Myocardial fibrosis, detected as foci of delayed myocardial enhancement (DME), also described as late gadolinium enhancement (LGE), is the information unique to the modality. [2] MRI evaluation also has a very effective role in the post-interventional evaluation. Post-interventional changes following alcohol injection are widely reported in patients with HCM. [3] .
On the other hand, there are few reports of postmyomectomy changes evaluated by MRI. [2] CASE REPORT Clinical, MRI, and echo observations of three patients of HCM treated with LV myomectomy are presented. Pre-and post-operative MRI imaging parameters and echo results are presented in Table 1 .
Case 1
A 55-year-old male patient with clinical suspicion of HCM was investigated with echo and MRI. Asymmetrical LV hypertrophy involving the basal (22 mm) and mid-septum was demonstrated [ Figure 1 ]. ere was associated systolic anterior motion (SAM) of the mitral valve (MV) with severe LV outflow tract (LVOT) narrowing and flow acceleration. Mild obliteration of the apical LV cavity was seen. ere were moderate mitral regurgitation (MR) and mild tricuspid regurgitation (TR). On contrast MRI, mild patchy DME was noted in the basal septum and right ventricular insertion points. He had low-normal indexed LVEDV and LVESV with hyperdynamic LV systolic function. Post-operative echo and MRI at 6 months, after myomectomy of the basal septum, showed minimal residual concentric LV hypertrophy with reduced LVOT narrowing. No regional wall motion abnormality was noted. ere were moderate MR and mild TR. On DME, there was a thin rim of mild subendocardial enhancement from basal septum to apex [ Figure 1 ].
Case 2
A 27-year-old female suspected of HCM was investigated. Asymmetrical hypertrophy of basal, mid-septum, and anterior segments was seen with hypokinesis of the segments and SAM of mitral leaflet with LVOT obstruction. Mild patchy DME was noted. e patient following transaortic extended myomectomy showed impaired LV systolic function with asymmetrical LV hypertrophy (LVH) [ Figure 2 ]. ere was persistent hypokinesis of the apex and apical anterior segment. On DME, there was near transmural enhancement [ Figure 2 ].
Case 3
A 57-year-old male was a known case of triple-vessel disease with worsening of angina. Echocardiography showed LVOT turbulence, concentric LVH, and hyperechoic septum. MRI confirmed LV asymmetrical septal hypertrophy at mid-cavity, anteroseptal segment, and obliteration of the LV apical cavity during systole [ Figure 3 ]. ere was LVOT narrowing with SAM. Hypokinesis of the basal and mid-septum was noted. ere were mild MR and TR. ere were patchy areas of subendocardial enhancement at LV apex. FU after transaortic septal myomectomy revealed no significant gradient across LVOT or wall motion abnormality. ere was asymmetrical LVH with severe hypokinesia of the apical, basal, and midsegments of the septum. ere was a lamellated, adherent LV thrombus at apex [ Figure 3 ]. On gadolinium-enhanced images, there was near transmural enhancement of the LV apex with subendocardial septal enhancement.
DISCUSSION
Established MRI abnormalities in patients with HCM are asymmetrical thickening of septum and narrowing of LVOT (20-30%). [4] e extent of narrowing varies at rest, may be latent or labile. A gradient of 30 mmHg or more is now generally considered significant for prognostic importance. [2] LVOT narrowing and outflow gradients are best assessed with echocardiography. On MRI contrast-enhanced examination, patchy DME of mid-septum occurs in up to 80% of patients. [5] Abnormalities of the MV movement, such as SAM, occur at the portion of the anterior mitral leaflet distal to the coaptation point as the valve being displaced into the LVOT by Venturi (drag) forces. [2] Other findings are diastolic dysfunction and LA enlargement. Apical form of HCM is a rare presentation, wherein absolute apical wall thickness of >15 mm is noted or a ratio of apical LV and basal LV wall thicknesses of ≥1.3-1.5 is seen. [3] HCM with mid-ventricular obstruction presents as mass-like thickening of the LV. "Burned-out phase" is noted in up to 10% of patients, often presents with LV dilatation, loss of myocardial thickness, and replacement fibrosis. Detailed evaluation of myocardial interstitial changes and altered flow kinetics is well shown with presently available MR techniques. [6] e risk of sudden death in HCM patients increases with the following MR criteria:
1. LV maximal wall thickness of 30 mm or more. 2. LVOT gradient of 30 mmHg or more at rest or 50 mmHg or more with provocation. 3. LV dilatation with depressed EF. 4. e presence of fibrosis, perfusion defect, and reduced functional reserve flow. [7, 8] Septal myomectomy is considered the gold standard among septal reduction techniques currently in use. [4, 9] Techniques for septal myomectomy are LV and transaortic routes. e transaortic approach is indicated in patients with LVOT obstruction.
In our first patient, both echo and MRI showed interval resolution of LVOT narrowing and flow acceleration. No regional wall motion abnormality was detected in both modalities. MRI showed better EF (67% -MRI and 55% -echo) accurate measurement of residual septal thickness (18 mm -MR and 15 mm -echo). e DME on MRI showed the extent of post-operative scar tissue. In the second patient, MRI detected residual septal thickening in midseptum which was not detected by echo. Both examinations showed interval resolution of LVOT narrowing and flow acceleration. EF was comparable. MRI additionally showed hypokinesis of the basal and mid anteroseptal segments and the apex with near transmural DME. In the third patient, there was LV thrombus at the apex, post-operative scar with akinesia of the apical segment, and hypokinesia of basal and mid-septum only shown on MRI. Assessment of EF, interval resolution of LVOT narrowing, and residual septal thickness was comparable in both modalities. In all patients, MRI provided additional, more accurate information compared to echo with better understanding of post-operative state and some valuable information for immediate patient care. MRI was superior in measurement of residual thickness and detection of regional wall motion abnormalities. T1 mapping techniques appear to have a potential role in identifying and quantifying diffuse myocardial disease. [10] LGE is sensitive in detecting focal myocardial fibrosis, which is an end-stage feature of the disease. However, LGE is less sensitive to diffuse inflammation and myocardial remodeling, hence underestimates the overall disease burden. Patients with HCM show high T1 indices in overt disease as well in subclinical disease state. us, T1 mapping may find an important role which is identifying subclinical disease in genetically susceptible population and monitoring the course of the disease. Evolving MR techniques and ease of affordability certainly will drive this advantage further by shorter examination time and more accurate assessment of structural and functional parameters. Clinical impact of observed "MRI advantage" on the overall patient management needs to be evaluated further in larger data sets. Echocardiography certainly has the great advantage in ease of use and clinician comfort. Availability, cost factor of MRI examination, and gadolinium contrast-related issues are important factors which will play a significant role in selection of the examination.
CONCLUSION
Cardiac MRI is an extremely valuable non-invasive tool to assess pre-and post-operative state of HCM. At present, echo assessment remains a comprehensive, practical tool for post-operative assessment. However, our study demonstrates superiority of MRI inputs in the assessment of patients following septal myomectomy. Clinically, relevant observations not evident on echocardiography were noted in our patients. Emerging T1 mapping techniques appear to have a role in assessing focal and diffuse myocardial changes in overt as well as subclinical disease. We see a definite role for a post-operative MRI in certain patients such as the one with incomplete clinical relief, in those with suboptimal echocardiography information, and in patients with post-operative complications. Considering availability, cost factor, and contrast-related issues with MRI, we defer recommending routine MRI post-myomectomy in all patients. In view of greater availability and rapid developments in MRI technology, it is worth exploring the role of MRI in these groups of patients for more accurate results.
